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Pelvic organ prolapse (POP) is a common disease affecting the lives of millions
of women.1 In Korea, the prevalence of POP stage greater than stage II in women
was reported to be 11.8%.2 Ethnic and racial variations in the incidence of POP
have been reported,3-6 however, little is known about its cause.
The causes of POP are multifactorial. The several environmental risk factors
that could bring qualitative and quantitative changes in connective tissue which
supports the lower pelvic organ could result in POP.7 The connective tissues are
composed of extracellular matrix, of which collagen is an important factor.8
Therefore, the changes in collagen has been suggested an important etiology of
POP,7 and the use of graft in pelvic reconstructive surgery is growing.9 However,
several studies have reported conflicting results showing that collagen in POP
patients was either decreased, increased or unaltered.10-12 These results, nevertheless,
suggest the possibility of the development of POP by the alteration of the tension
of connective tissue caused by the changes in the components of collagen.  
Recently, it has been reported that genetic factors contribute to the development
of POP. Demographic studies support such possibilities. Several studies found the
effect of ethnic and racial variations on the incidence of POP,3,4 and 30% of
women with POP had family history.13 Genetic studies on POP patients with
family history showed early onset POP with genetic polymorphism of the
promoter of LAMC1 gene.1 Nonetheless, to the best of our knowledge, there are
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INTRODUCTION
only a few studies on the genetic contributions to the
development of POP.
Recent studies indicate that a polymorphism of the gene
encoding the type I collagen alpha-1 chain (COLIA1 gene)
may affect the development of osteoporosis and stress
urinary incontinence,14-16 whereas some studies showed that
a polymorphism of COLIA1 gene does not increase the
risk of development of pelvic floor defect.17,18 This polymor-
phism is induced by the substitution of a guanidine (G)
residue to thymidine (T) residue in the first intron of
COLIA1 gene (G T). Consequently, three different
genotypes are generated : the homozygotes G/G, the
heterozygotes G/T, and the homozygotes T/T. Such a
mutation is important because it affects the recognition
area of their transcriptional factor Sp1-binding site, thus
influencing the expression of COLIA1 gene. Consequently,
the synthesis of COLIA1 protein is increased more than
that of COLIA2 protein.15 In the heterozygotes G/T and the
homozygotes T/T polymorphisms, the risk of osteoporosis
fracture was increased in comparison with the homogy-
zotes G/G, and such phenomenon was more evident in the
homozygotes T/T.14,15 In addition, the risk of stress urinary
incontinence was increased in the heterozygotes G/T.16
In the present study, we hypothesized that the polymor-
phism of transcription factor Sp1-binding site of the COLIA1
gene predisposes Korean women to the development of POP.
The study protocol was approved by the institutional review
board of Yonsei University Health System, Seoul, South
Korea. All participants gave written informed consent.
This study was performed in a cohort of 30 Korean
women. Patients were recruited and enrolled from the
Division of Urogynecology, and the Department of Obste-
trics and Gynecology at Yonsei Medical Health System
from May 2006 to September 2006. All patients were
assessed with a standard history and physical examination
before the surgery. A standard urogynecology ques-
tionnaire was given to patients. The questionnaire included
questions regarding age, parity, body mass index, meno-
pausal status, prior history of hormone replacement therapy,
previous history of gynecologic operation or anti-inconti-
nence operation, and medical histories such as hypertension,
diabetes mellitus, chronic obstructive pulmonary disease,
and herniation of lumber disc. POP was quantified accord-
ing to the International Continence Society’s Pelvic Organ
Prolapse Quantification (POP-Q) system.19 The pelvic
exam was performed by the same examiner. On all pati-
ents participating in this study, urodynamic study including
multi-channel cystometry, urethral pressure profilometry,
and uroflowmetry using the Dante-5000 (Menuet, Copen-
hagen, Denmark) was performed. Urethral presssure was
measured using a 12 french catheter (Mentor Co, Kedah,
Malaysia). The study group consisted of 15 women who
underwent hysterectomy for advanced stage POP (stage III
to IV). The controls were matched for age and parity
among the postmenopausal women with POP-Q stage 0
who underwent hysterectomy for uterine myomas.
Blood samples were stored in tubes containing anticoa-
gulant ethylene diamine tetracetic acid (EDTA) until use.
Genomic DNA was extracted from whole blood leukocytes
using the High Pure polymerase chain reaction Template
Preparation Kit (Roche Diagnostics GmbH, Mannheim,
Germany). DNA was stored at -80˚C until use. The frag-
ments of the first intron of COLIA1 gene were amplified by
real time polymerase chain reaction using 400 ng DNA as a
template, by applying the LightCycler FastStart DNA
Master Hybridization Probes (Roche Diagnostics GmbH,
Mannheim, Germany). For amplification, Taq DNA poly-
merase (Tibmol, Berlin, Germany) and commercially
obtained oligo-nulcleotide primers were used. 
The first step of real time polymerase chain reaction was
performed with the following primers set: Cola F, 5’-
gggggCgTCCCTTCCAA-3’ (forward) and Cola R, 5’-
AgggCggggggAgAATA-3’(reverse). After denaturation at
95˚C for 10 minutes, 45 cycles of amplification were
performed. Denaturation was carried out at 95˚C for 10
seconds, annealing at 58˚C for 10 seconds, and extension
at 72˚C for 10 seconds. 
To assess the type of polymorphism of the Sp1 binding
site of COLIA1 gene, LightCycler FastStart DNA Master
Hybridization Probes and LightCycler FastStart Enzyme
were mixed, and the melting curve was analyzed using the
LightCycler software 4. The amplified DNA was denatu-
red at 95˚C for few seconds, annealed at 40˚C for 30
seconds, and extended at 80˚C for few seconds. It was
incubated at 40˚C for 30 seconds, and then cooled. The
type of polymorphism of the Sp1 binding site was deter-
mined by the analysis of the temperature with maximal
absorption of fluorescence on the melting curve. 
Sequencing reaction was performed using the ABI
PRISM BigDyeTM Terminator Cycle Sequencing Kits
(Applied Biosystems, Foster city, CA, USA) for confirma-
tion of nucleic acids. The polymerase chain reaction was
performed using the PTC-225 Peltier Thermal Cycler (MJ
Research, Reno, NV, USA), and the sequence was inter-
preted using the primers. After the reaction, deoxyribonuc-
leoside triphosphates that did not participate in the reaction
were separated from the products using ethanol. The
purified polymerase chain reaction product was redissolved
in distilled water, and analyzed by the ABI PRISM 3730XL
Analyzer (Applied Biosystems, Foster city, CA, USA). 
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MATERIALS AND METHODS
Data analysis was performed with SPSS 13.0 statistical
software (SPSS Inc., Chicago, IL, USA). Student t-test,
Fisher’s exact test, and Pearson chi-square test were used
for statistical analysis. Statistical significance was consi-
dered at p < .05. 
The study group and the control group were similar with
respect to demographic and clinical characteristics (Table 1),
however, differed significantly in terms of the severity of
POP (p = .001). Within the study group, 8 patients had
stage III (53.3%) and 7 patients had stage IV (46.7%)
POP. All the participants in the control group had stage 0
POP. Eleven women in the study group had stress urinary
incontinence (SUI) diagnosed by urodynamic study,
whereas 3 women had SUI in the control group (p = .003).
On the LightCycler instrument, the melting curves of the
Sp1 binding site of COLIA1 gene in women with POP were
similar. The melting curves for women with advanced stage
POP showed homozygous peaks at 57˚C (Fig. 1). In the
control group, the melting curves also showed homozygous
peaks at 57˚C (Fig. 2). Sequencing analysis confirmed that all of
the bases mutated in the Sp1 binding site were guanine (Fig. 3).
Ethnic and racial variations in the incidence of POP have
been reported,3-5 and the incidence shown to be higher in
Europeans and Latin Americans than Asian or African-
American women.3,4,6 Anatomic, physiological, behavioral,
and reporting differences have been suggested as possible
explanations for the ethnic variation for the development
of POP and Geldenhuys reported in their Bantu human
Hye Jin Cho, et al.
Yonsei Med J   http://www.eymj.org    Volume 50   Number 4   August 2009566
RESULTS
-(d
/d
T)
 F
lu
or
es
ce
nc
e 
(6
40
)
40
Temperature 
45 50 55 60 65 70 75 80
-0.013
-0.008
-0.003
0.002
0.007
0.012
0.017
0.022
0.027
0.032
0.037
0.042
0.047
0.052
Fig. 1. Melting peak analysis of the Sp1 binding site of COLIA1 gene in the study group on the LightCycler instrument. 
Table 1. Clinical Characteristics of the Participants
Characteristic
Study group Control group 
p value
(n = 15) (n = 15)
Mean age (yrs)� 60.5 ± 8.7 60.1 ± 8.0 0.879*
Postmenopause status (%)� 15 (100.0) 15 (100.0) 0.999�
Mean parity (standard deviation)� 3.4 ± 1.2 3.3 ± 1.1 0.874*
Mean of body mass index (kg/m2)� 24.0 ± 3.3 25.4 ± 3.3 0.264*
Hormone replacement history (%) 0 (0.0) 0 (0.0) 0.999�
Diabetes mellitus (%) 4 (26.7) 4 (26.7) 0.999�
Hypertension (%) 4 (26.7) 3 (20.0) 0.999�
Chronic obstructive pulmonary disease (%) 2 (13.3) 0 (0.0) 0.482�
Herniated lumbar disc (%) 1 (6.7) 0 (0.0) 0.999�
Previous pelvic surgery history (%) 0 (0.0) 0 (0.0) 0.999�
Smoking (%) 1 (6.7) 2 (13.3) 0.333�
Statistical significance was considered at p < .05.
*Student t-test. 
�Fisher’s exact test.
�Matched parameter.
DISCUSSION
study that risk factors mediating the development of POP
are not environmental factors, but rather racial factors
including the size and shape of pelvis, and the quality of
connective tissues and pelvic support.5 Nevertheless, the
major cause for the differences in the racial and ethnic
variation has not been identified.20-22
In addition, some studies reported that approximately
30% of women with POP are familial, with the patients
having multiple affected female family members.13 Recently,
genetic etiologies have been considered to significantly
contribute to the cause of POP. Nikolova et al.1 reported
that a polymorphism in the promoter of LAMC1 may
increase the susceptibility to early onset pelvic organ
prolapse. However, some studies showed that a polymor-
phism of COLIA1 gene did not appear to increase the risk of
development of pelvic floor defect.17,18 
Therefore, we examined whether the incidence of POP was
increased in Korean women with polymorphism in the
binding site of the transcription factor Sp1 of the COLIA1
gene. First of all, factors such as age, parity, and meno-
pause status were matched between the two groups to
reduce statistical bias. The risk factors of POP such as hor-
mone replacement therapy, prior history of pelvic surgery,
and medical history including diabetes, hypertension,
chronic pulmonary diseases, lumbar vertebral herniation,
and smoking did not causes any significant difference
between the study group and the control group. 
Next, the presence of polymorphism in the binding site
of the transcription factor Sp1 in the COLIA1 gene was
determined by melting curve analysis. The results showed
that none of the cases from both the study and control
groups showed polymorphism of the site.
Although varies slightly depending on investigators, the
ratio of heterozygotes G/T polymorphism in other countries
reaches 22.5% - 42.0%.15-18,23 On the contrary, however, a
Japanese study with 404 osteoporosis patients showed the
ratio 0%,24 and a study in Korea which included 200 healthy
menopausal women showed that the ratio of polymorphism
was also 0%,25 therefore, similar to our current study.
These findings suggest that the Sp1 binding site poly-
morphism in the COLIA1 does not significantly contribute
to the development of POP. 
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Fig. 2. The Sp1 binding site of COLIA1 gene in the control group by melting peak analysis. 
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Fig. 3. Sequencing of the Sp1 binding site of the COLIA1 gene.  *The guanine residue of Sp1-binding site in COLIA1 gene. 
Our study had a limitation that should be considered
when interpreting the result. The participants in the study
is relatively small to have statistical significance. A larger
sample is needed for further observation. Because of the
difficulty of collecting control patients, it was not easy to
find a large number of patients who meet all the inclusion
criteria such as age, parity, 0 stage in POP-Q scoring system
and postmenopausal status.
In our present study, the polymorphism of the transcrip-
tion factor Sp1 binding site in COLIA1 gene was not
founded. Therefore, we conclude that the polymorphism of
COLIA1 gene did not contribute to the development of
POP in Korea. However, this does not necessarily exclude
the possibility that polymorphism plays a role in the
development of POP in selected western populations, since
the importance of certain genes may be greater in some
populations than in others. Furthermore, there is a possi-
bility that the absence of COLIA1 gene Sp1-binding site
polymorphism in Korean women may be one possible
mechanism that protects Asian women from the develop-
ment of POP and this merits further in-depth investigation.
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